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ABSTRACT 

The end-of-mission AV reserves f o r  l u n a r  miss ions  
t o  Copernicus and Descartes during t h e  J 2 ,  J 3  t i m e  frames 
(Apollo 1 6 ,  1 7 )  are optimized wi th  r e s p e c t  t o  LM approach a z i -  
muth and sun e l e v a t i o n  ang le  a t  landing .  
f o r  a s h o r t  and a one-day-longer mission d u r a t i o n  f o r  both  one 
and t w o  days of p o s t  LM ascent o r b i t a l  s c i ence .  Reasonable 
va lues  of approach azimuth common t o  a l l  launch o p p o r t u n i t i e s  
w i t h i n  a given three-month t i m e  frame are determined. These  
va lues  are: -97' (Copernicus, 5 2 )  , -95' (Copernicus,  J 3 ) ,  
-91' (Descartes, J 2 )  and -84O (Descartes, J3). 

Resu l t s  are p resen ted  

I t  i s  found t h a t  day longer  missions are f e a s i b l e  
i n  a l l  cases fo r  both  one and t w o  days o r b i t a l  s c i ence .  
end-of-mission AV reserves are encountered f o r  some s h o r t  
miss ions ,  i n  p a r t i c u l a r  Copernicus ( 5 2 ) .  The launch oppor- 
t u n i t i e s  w i t h i n  each t i m e  frame can be chosen so  t h a t  t h e  
launch v e h i c l e  sigma c a p a b i l i t y  i s  g r e a t e r  t han  two f o r  a l l  
missions wi th  optimum sun e l e v a t i o n  ang le s .  
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MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

Curren t  mission planning r e q u i r e s  a t  l ea s t  one launch 
oppor tun i ty  f o r  t h e  nominal launch month and a t  l eas t  t h r e e  
launch o p p o r t u n i t i e s  du r ing  the  two succeeding months. These 
launch o p p o r t u n i t i e s  are des igna ted  as nominal day ( T o ) ,  one 
day la te r  launch (T+24) and one day ear l ier  launch (T-24). I n  
a d d i t i o n ,  a common LM approach azimuth must  be selected f o r  a l l  
launch o p p o r t u n i t i e s  dur ing  t h e  given t i m e  frame. T h e  c u r r e n t  
launch schedule  f ixes  t h e  52 (Apollo 1 6 )  and J3 (Apollo 17) m i s -  
s i o n  t i m e  frames a t  3,4,5/1972 and 12/1972, 1,2/1973, respec-  
t i v e l y .  The m o s t  p robable  sites f o r  these miss ions  are Descartes 
and Copernicus.  

As a f i rs t  step i n  t h e  s e l e c t i o n  o f  miss ion  parameters  
i t  i s  u s e f u l  t o  opt imize  t h e  end-of-mission AV r e s e r v e  w i t h  
r e s p e c t  t o  landing  azimuth and sun e l e v a t i o n .  An end-of-mission 
AV r e s e r v e  of 500 f t /sec is  considered d e s i r a b l e  f o r  a f e a s i b l e  
miss ion  whereas a minimum value  of 250 f t /sec can be t o l e r a t e d .  
With t h e  de t e rmina t ion  of t h e  optimum miss ion  r e s e r v e  AV, poten- 
t i a l  " d i f f i c u l t "  o r  u n f e a s i b l e  missions can be determined and 
t h e  t r a d e o f f s  t h a t  w i l l  have t o  be made i n  t h e  s e l e c t i o n  of a 
common approach azimuth become ev iden t .  For t h e  r e s u l t s  pre-  
s e n t e d  here t h e  end-of-mission AV was opt imized w i t h  r e s p e c t  
t o  approach azimuth and sun e l e v a t i o n  s u b j e c t  t o  a DPS abort  
c o n s t r a i n t  and sun e l e v a t i o n  l i m i t s  of  5-25O. Twenty-five degrees  
i s  an  estimate of t h e  upper sun e l e v a t i o n  l i m i t  based on t h e  adop- 
t i o n  of a s t e e p  LM descen t  p r o f i l e .  
t h e  m o r e  prominent ground r u l e s  are p resen ted  i n  Table I .  

The  miss ion  d e s i g n a t i o n s  and 

R e  s u  1 ts 

The opt imized r e s u l t s  are p resen ted  i n  Tables  I I - V .  
I n  a d d i t i o n  t o  t h e  opt imized va lue  of approach azimuth, sun 
e l e v a t i o n  angle  and end-of-mission AV reserve, t h e  launch 
vehicle sigma ( a )  c a p a b i l i t y  l e v e l  corresponding t o  the  o p t i -  
mized mission i s  p resen ted .  Launch v e h i c l e  c a p a b i l i t y  i s  
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def ined  us ing  a 20 b a s e l i n e  c a p a b i l i t y  of 1 0 7 , 6 0 0  l b s  f o r  t h e  
3 2  launch v e h i c l e  and 1 0 6 , 7 0 0  l b s  f o r  t h e  J 3  launch v e h i c l e  
(de r ived  from Reference 1) .  The c o n t r i b u t i o n s  t o  payload capa- 
b i l i t y  from temperature  and wind e f f e c t s ,  FGR ( 2 3 0  l b s )  , miss ion  
s p e c i f i c  energy and change i n  minimum launch azimuth from 72O t o  
8 0 °  (570 l b s ,  Reference 2) are added t o  t h e  b a s e l i n e  f i g u r e .  The 
r e s u l t  i s  then  converted t o  a sigma c a p a b i l i t y  corresponding 
t o  t h e  i n j e c t i o n  of a cont ro l  weight  s p a c e c r a f t  by means of 
t h e  f a c t o r s  1.095 l b s  payload p e r  l b  S-IVB p r o p e l l a n t  (Refer- 
ence 3 )  and 1100* l b s  S-IVB p r o p e l l a n t  p e r  sigma l e v e l .  

Based on t h e  r e s u l t s  i n  Tables  I I - V  an estimate of 
t h e  r e q u i r e d  landing azimuth f o r  each t i m e  frame may be made. 
These va lues  a r e  presented  i n  Table  V I .  

TABLE I V  

ESTIMATE OF APPROACH AZIMUTH 

S i te  Amroach Azimuth 

Ccpernicus 

J2 t i m e  frame 
J3 t i m e  frame 

Descartes 
J2 t i m e  frame 

J 3  t i m e  frame 

- 9 7 O  

-95O 

- 9 1 O  

- 8 4 O  

The above e s t i m a t e s  of approach azimuth w e r e  made wi th  t h e  
o b j e c t  of provid ing  as much f l e x i b i l i t y  as p o s s i b l e  wi th  r ega rd  
t o  s c i e n c e  and m i s s i o n  du ra t ion .  A g e n e r a l  summary of  t h e  
r e s u l t s  i n  Tables  I I - V  followed by comments on a mission spe- 
c i f i c  b a s i s  i s  p resen ted  below. 

Summarv 

The day longer  m i s s i o n s  f o r  bo th  one and t w o  days 
o r b i t a l  s c i ence  appear f e a s i b l e  i n  a l l  ca ses .  

*Based on AS-509 F l i g h t  Performance Reserve a n a l y s i s .  
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S ince  a v a i l a b l e  LM re scue  AV and end-of-mission AV 
are approximately equal  it can be seen  from t h e  AV 
d a t a  p e r t a i n i n g  t o  longe r  missions t h a t  t h e  LM re scue  
requirement  of 6 0 0  f t  p e r  sec c a n  g e n e r a l l y  be  sat is-  
f i e d  f o r  longer  t r a n s e a r t h  f l i g h t  t i m e s .  

The launch schedule can be chosen so  t h a t  t h e  
sigma c a p a b i l i t y  l e v e l  i s  g r e a t e r  than  t w o  f o r  
all optimized cases .  The e f f e c t  of varying 
approach azimuth has n e g l i g i b l e  e f f e c t  on launch 
v e h i c l e  c a p a b i l i t y .  The r educ t ion  of t h e  sun 
e l e v a t i o n  from i t s  optimum va lue  would r e s u l t  i n  
a h ighe r  t r a n s l u n a r  energy and a dec rease  i n  
launch v e h i c l e  sigma c a p a b i l i t y .  

S h o r t  missions g e n e r a l l y  opt imize  a t  l o w e r  sun 
e l e v a t i o n  angles  (h ighe r  t r a n s l u n a r  energy) than  
longer  missions.  This i s  a r e s u l t  of t h e  h igh  
T E I  AV c o s t  f o r  s h o r t  miss ions .  Reducing t h e  
sun e l e v a t i o n  a t  landing r e s u l t s  in an earlier 
t i m e  of a r r i v a l  a t  t h e  moon and an e a r l i e r  t i m e  
of T E I  f o r  f i x e d  sc i ence  d u r a t i o n .  S ince  e a r t h  
landing  t i m e s  a r e  determined p r i m a r i l y  by t h e  
e a r t h ' s  r o t a t i o n  and a r e  t h e r e f o r e  r e l a t i v e l y  
f i x e d ,  t h e  n e t  r e s u l t  i s  an i n c r e a s e  i n  t h e  t r a n s -  
e a r t h  t i m e  of f l i g h t  and a r educ t ion  i n  T E I  AV c o s t .  

Mission S p e c i f i c  Resu l t s  

Descartes (J2) 

S h o r t  missions f o r  bo th  one and t w o  day s c i e n c e  
appear  f e a s i b l e  with s o m e  ca ses  near  t h e  minimum 
requ i r ed  end-of-mission AV (250 f t / s e c ) .  

Descartes ( J3 )  

Three nominal launch o p p o r t u n i t i e s  are a v a i l a b l e  
f o r  f i r s t  launch month (12/7,8,9/72).  Of t h e s e  
12/8/72 appears  t o  be t h e  most advantageous as 
12/7/72 is  a b o r d e r l i n e  case f o r  s h o r t  miss ions .  

S h o r t  miss ions  appear f e a s i b l e  f o r  one and t w o  day 
sc i ence .  

Four launch days a r e  a v a i l a b l e  i n  January 1 9 7 2 .  
This  i s  i n d i c a t e d  by t h e  presence  of two launch 
sequences,  1/5,6,7/73 and 1/6,7,8/73. I t  should 
be noted ,  however, t h a t  launch v e h i c l e  r e q u i r e -  
ments for  1/8/73 a r e  more s t r i n g e n t .  
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Copernicus (J2) 

S h o r t  miss ions  fo r  one and t w o  days s c i e n c e  
are n o t  f e a s i b l e  f o r  t h e  f i r s t  month launches 
(3/20,21/72) and f o r  t h e  nominal launch day i n  
t h e  second month (4/18/72). 

Shor t  miss ions  f o r  t h e  launch o p p o r t u n i t i e s  
4/17/72, 4/19/72 have end-of-mission AV's  above 
250 f t / s e c ,  however, t h e s e  may f a l l  below f o r  a 
non-optimum approach azimuth. The remaining 
s h o r t  miss ion  o p p o r t u n i t i e s  ( t h i r d  month) appear  
f e a s i b l e .  

Copernicus (J3) 

S h o r t  miss ions  fo r  one and two days o r b i t a l  
science appear gene ra l ly  f e a s i b l e  wi th  t h e  pos- 
s i b l e  except ion  of 2/8/73, 2/9/73. 

20 13-RSS-slr 

Attachments 

R. J. S t e r n  
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Improve Launch Vehic le  Performance Margin," Bellcomm 
Memorandum f o r  F i l e  B70 12065, C a s e  310, December 23, 1970. 

"Sa tu rn  V Performance Study f o r  AS 511-515," Memorandum 
S&E-AERO-MFT-76-70, Boeing Company, June  2 ,  1970. 



TABLE I 

MISSION DESIGNATIONS AND GROUND RULES 

One Day O r b i t a l  Science 

Duration between 11-12  days (To, T+24 launches)  
Durat ion between 12-13 days (T-24 launch) S h o r t  Mission 

Duration between 12-13 days (To, T+24 launches)  One Day Longer 
Miss ion  Duration between 13-14 days (T-24 launch) 

Two Days O r b i t a l  Science 

Durat ion between 12-13 days (T  T+24 launches)  

Duration between 13-14 days (T-24 launch)  
Short Mission 0' 

Duration between 13-14 days (To,  T+24 launches)  

Duration between 14-15 days (T-24 launch) 
One Day Longer 
Miss ion  

Launch Azimuth = 80' 

P a c i f i c  I n j e c t i o n s  

T i m e  i n  LPO from L O 1  t o  P D I  = 2 4  H r s .  f o r  To, T+24 Launch 2, 

2 48 H r s .  f o r  T-24 Launch 

Approach Azimuth Optimized f o r  each Miss ion  

Sun Elevat ion Optimized B e t w e e n  5O-25' 

S tay  T ime  67-68 H r s  . 
Transea r th  F l i g h t  T i m e  Between 50 and 1 2 0  H r s .  

Maximum Return I n c l i n a t i o n  = 70° 

End-of-Mission AV Reserve Based on Cont ro l  Weight S p a c e c r a f t  
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